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trolled heat denaturation under high shear conditions at a pH greater than the midpoint of the isoelectric curve of the whey pro- 
teins. The resulting product may be used to replace the undesired fat normally found in popular food products. 
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PROTE I NAC EOU S FAT SUBSTITUTE 

5 The present invention relates generally to 

microparticulated denatured proteins which are useful as 
a replacement for fat in food products, and more 
particularly to an improved method for making 
proteinaceous fat substitutes from soluble and 
10 coagulable proteins . 

Background 

Fat-rich foods enjoy considerable popularity 
and make up a significant proportion of the diets of 

15 many people. The undesirable nutritional impact related 
to the consumption of these popular types of food 
products is widely recognized and ways to reduce the fat 
contained in these food products have been developed to 
address the problems caused by consuming fat-rich foods, 

20 Singer, et al., U.S. Patent 4,734,287 

describes a microparticulated denatured protein fat 
substitute made from dairy whey protein. The whey 
protein fat substitute is a macrocolloid of spheroidal 
microparticles which are formed upon heating an aqueous 

25 whey protein solution under high shear conditions. In 
order to form microparticulated protein having a range 
of micropar ticle sizes to most closely mimic the mouth- 
feel and organoleptic characteristics of fat, it is 
disclosed that the pH of the aqueous protein solution 

3 0 should be lowered by the addition of acid to a value 

which is below the midpoint of the isoelectric curve for 
the protein solution before heating. In addition, the 
reference indicates that it is preferred that processing 
aids are suitably added to the protein before heat 

35 treatment in order to diminish the aggregation of the 
microparticles . 
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The European Patent Application, Publication 
No. 0 323 529 published July 12, 1989 describes the 
application of the technology developed and disclosed by * 
Singer, et al., to other soluble and coagulable 
5 proteins, in addition to whey protein, which form > 
macrocolloids of spherical micropar tides when heated 
under high shear conditions. The micropar ticulated 
proteins which best mimic the mouth-feel and 
organoleptic characteristics of fat are also disclosed 
10 to be formed in an aqueous solution having a pH value 
below the midpoint of the isolectric curve of the 
proteins and preferably in the presence of processing 
aids which prevent aggregation of the micropar tides . 

EPA 0 323 529 also describes a high shear 
15 apparatus which is adapted to provide the heat and high 
sheer conditions needed to fully exploit the Singer, et 
al. r technology. The disclosed apparatus is an enclosed 
container fitted with a rotor which generates a toroidal 
flow of a fluid protein solution and which subjects the 
20 fluid to controlled heat and high shear. This high 
shear apparatus is also described in U.S. Patent 
4,744,521. 

Both U.S. Patent 4,734,287 and EPA 0 323 529 
disclose and recommend formulating soluble and 

25 coagulable protein feedstocks with a variety of 

processing aids, such as aggregate blocking agents, 
before treatment by heat and high shear. Useful 
aggregate blocking agents include gums such as xanthan 
gum, carrogeenan, alginate and calcium sterayl 

30 lactylate, datem esters, maltodextr ins or lechithin. 
Moreover, in the process for forming denatured whey 
micropar tides , it has been noted that processing the 
whey protein feedstock with a suitable solvent before 
heating is advantageous not only to extract soluble 

35 lipids such as cholesterol but also to remove whey 

protein components which may give rise to off-flavors in 
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the microparticulated product as a result of heat 
treatment . 

A need in the food industry continues to exist 
for improved processes for the production of suitably 
5 sized and shaped protein microparticles for fat 
replacement use. 

Optimally, such an improved process would 
diminish or eliminate the need for any substantial 
amounts of processing aids, such as aggregate blocking 
10 agents, in the soluble and coagulable protein solution 
feedstocks. Improved processes would also allow for the 
production of denatured whey protein microparticles 
which have desired flavor characteristics without resort 
to a solvent extraction processing step before heat and 
15 high shear treatment. 

BRIEF SUMMARY 
The present invention provides a novel process 
to produce denatured protein microparticles 

20 characterized by heating an aqueous protein solution 
under high shear conditions at a pH value greater than 
the midpoint of the isoelectric curve of the proteins in 
the aqueous solution. 

According to one aspect of the invention, 

25 there is provided a process which includes heating 
undenatured substantially soluble and coagulable 
proteins at heat denaturing temperatures in an aqueous 
solution, at a pH greater than the midpoint of the 
isoelectric curve of the proteins, under shear 

30 conditions selected and carried out for a time 
sufficient so as to avoid the formation of any 
substantial amounts of fused particulate proteinaceous 
aggregates having diameters in excess of about 2 microns 
while also forming denatured proteinaceous 

35 macrocolloidal particles which are greater than about 
0.1 microns in diameter. 
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In a presently preferred practice of this 
process, the aqueous protein solution includes soluble 
and coagulable whey proteins. Preferably the aqueous 
solution contains about 10-36 % by weight soluble whey 
5 protein and more preferably the aqueous solution 
comprises about 18-25 % by weight soluble whey 
protein. 

According to a preferred practice of the 
improved processes of the invention the pH value of on 
10 aqueous whey protein solution feedstock for heat and 

shear treatment is greater than about 5, and preferably 
the pH value is about 5,8-6.9. 

DETAILED DESCRIPTION 
The disclosures of Singer, et al., U.S. Patent 
15 4,734,287, EPA Publication No. 0 323 529, published 

July 12, 1989 and U.S. Patent 4,961,953 are incorporated 
by reference herein for the purpose of describing the 
general state of the art in processes and apparatus 
suitable for the production of denatured protein 
20 microparticles and in processes suitable to extract off- 
flavor generating components from whey proteins which 
may be used to generate microparticles. 

The present invention resides in part in the 
discovery that microparticles may readily be produced 
25 from aqueous solutions of soluble and coagulable protein 
feedstocks which are subjected to heat and shear in 
conventional apparatus, such as the apparatus described 
in U.S. Patent 4,828,396, at pH values greater than the 
midpoint of the isoelectric curve of the proteins. Not 
30 only is the undesired aggregation of microparticles 
avoided at pH values greater than the midpoint of the 
isoelectric curve of the proteins but it has also been 
found that the need for additional processing aids, such 
as aggregrate blocking agents, is significantly reduced 
35 or eliminated. Furthermore, when aqueous whey protein 
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solutions are used as the feedstock for microparticle 
formation, it has been found that the need to subject 
the aqueous protein solution feedstock to extraction 
processes before heating in order to avoid off flavors 
5 or odors is reduced or eliminated. 

Processes according to the present invention 
are advantageously applied to aqueous solutions of heat 
coagulable proteins which have a protein concentration 
of about 10-36% by weight. In general, starting protein 

10 sources for practice of the invention should include in 
excess of about 80% soluble proteins and preferably in 
excess of about 90% soluble proteins. Protein sources 
providing less than about 80% soluble proteins are 
likely to include over-sized particles or particle 

15 aggregates which may significantly detract from the 
desired organoleptic characteristics of the product. 

The preferred sources of suitable protein for 
the practice of the present process are raw material 
sources that provide soluble, globular, non-fibrous 

20 proteins which have not previously been subjected to 
protein denaturing processing. A preferred protein 
source is liquid whey protein concentrate having about 
18-25 % by weight protein, about 37-50 % by weight 
solids, and about 5-13 I by weight lactose. 

25 The pH value of the protein solutions is 

established above the midpoint of the isoelectric curve 
of the proteins in solution which is a pH value above 
the midpoint of the composite curve of the various 
isoelectric points of individual protein components. 

30 Unexpectedly, establishing the pH above the midpoint of 
the isoelectric curve allows the formation of properly 
sized particle populations which provide an improved 
product. Obviously care should be exercised to avoid pH 
values so much in excess of the midpoint of the 

35 isoelectric curve that base hydrolysis of the proteins 
occurs. 
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Preferably, an aqueous protein solution having 
a protein concentration between about 10*36% by weight 
is used in the present process. Protein concentrations 
between about 15-26% by weight are most preferred. 
5 Aqueous solutions with protein concentrations less than 
about 10% by weight may be used and the formation of the 
desired microparticles occurs, however, the resulting 
microparticulated product may be too dilute to function 
as a fat substitute without further concentration. 

10 Aqueous solutions with protein concentrations greater 
than about 36% by weight tend to provide 
microparticulated products which are extremely viscous 
and which may cause processing difficulties typically 
associated with viscous materials. 

15 According to the present invention, the 

aqueous protein solutions are subjected to elevated 
temperatures for varying periods of time under shear 
rates which may be as high as or greater than 40,000 
reciprocal seconds. Typical processing temperatures 

20 range from about 68-120°C and typical processing times 
range from about 3 seconds to about 30 minutes or 
longer. Processing times from about 10 seconds to about 
2 minutes are preferred. In general, processing times 
are longer at lower temperatures and shorter at higher 

25 temperatures. For example , processing times at 68°C may 
be about 20 minutes, processing times at 90-95°C may be 
about 20 seconds to about 5 minutes and processing times 
at 120°C may be about 3 seconds. 

Aggregate blocking agents may optionally be 

30 added to the aqueous protein solutions if desired. The 
aggregate blocking agent may be selected or the 
concentration of the agent may be adjusted so that it 
does not alter the desired pH of the mixture. 

Optional ingredients may also be added to the 

35 protein solution feedstocks and may include colorants, 
flavors, stabilizers, preservatives, and the like in 
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quantities sufficient to provide desired characteristics 
in the micropar ticulated products. These types of 
ingredients may generally be present in or added to the 
solution without adverse effect. 
5 The following example relates to a preferred 

method for the production of denatured protein 
microparticles produced from an aqueous whey protein 
concentrate solution having a pH value of about 6. 



10 EXAMPLE 1 - M I CROP ART I CUL ATED WHEY PROTEIN 

A commercially available liquid whey protein 
is treated by ultrafiltration and evaporation until a 
mixture having about 42% by weight solids and about 50% 

15 - 55% by weight protein, on a dry basis. The liquid 
whey protein concentrate is deaerated in a Versator 
deaerater and bottom fed into a sanitary tank equipped 
for a non-aerating agitation. 

The deaerated mixture is then pumped (600 

20 lbs/hr), by a positive displacement pump through an in- 
line strainer (300 urn cheesecloth), a mass flow meter 
and plate heat exchanger which raises the temperature of 
the mixture to about 170°F, into a heated holding 
device . 

25 The heated holding device includes two 

concentric scraped surface heat exchangers connected in 
series. Each heat exchanger provides a hold time of 
about 3.6 minutes at a flow rate of about 300 lbs/hr. 
Both of these heat exchangers are heated to maintain the 

30 hold temperature set by the plate heat exchanger. 

The mixture is then pumped from the holding 
device into an eccentric scraped surface heat 
exchanger. This scraped surface heat exchanger cools 
the mixture to a temperature of about 165°F f a 

35 temperature lower than the target peak temperature 

inside a heat and high shear generating ("MicroCooker") 
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apparatus. The mixture then flows directly into a 
microcooker apparatus as described in U.S. Patent 

4,828,396 with the exception that the inlet and outlet * 
ports have been interconverted, i.e., the inlet port is 
5 disposed where the outlet port is shown in the patent <* 
drawing and the outlet port is located at the bottom of 
the bowel shaped vessel. The temperature of the mixture 
is raised to 200°F within 10 seconds under high shear 
conditions. Rigorous control of the mixture temperature 

10 at 200°F is maintained in the microcooker apparatus by a 
cascade control loop. The control loop senses the 
temperature of product exiting the microcooker apparatus 
and holds the temperature constant by regulating the 
temperature of the mixture leaving the eccentric scraped 

15 surface heat exchanger. 

The speed of the rotor in the microcooker 
apparatus is held constant at about 5200 rpm. At this 
rpm, the shear rate is about 40,000 reciprocal seconds 
at the tips of the rotor which has a diameter of 

20 approximately 7 inches. 

After exiting the microcooker apparatus, the 
product flows directly into an eccentric scraped surface 
heat exchange and is cooled with vigorous agitation to 
less than 130°F. The cooled product then flows through 

25 an additional heat exchanger (scraped surface or plate 
type) to reduce its temperature to less than 55°F. 

Numerous modifications and variations in the 
practice of the invention are expected to occur to those 
skilled in the art upon consideration of the foregoing 

30 descriptions of preferred embodiments thereof. Conse- 
quently, only such limitations should be placed upon the 
scope of the invention as appear in the appended claims. 
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